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Motivation
® Neutral B mesons are able to :
transform between particle and

W W BY
anti-particle states - Mixing.
® The rate of mixing is governed b th 6 :
by the mass difference )
between mass eigenstates. |By) = (|BO> + |BYY)

® Previous mixing results: 0 -
(1B%) = |B?))

Sl Sl

|Br) =
® Kaons: CPV in weak sector,
® Amg: top mass heavy (>> mw),
® Neutrinos - Mass!

® New Physics can show up in Bs processes.
Need mixing analysis for completeness.
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(psm)

CKM Triangle

® Amd = |V'»Vu|? X (QCD)

® Many of the same QCD
parameters appear in Ams.

® Ams/AmeC |Vts /th |2

® Allows determination of
Vi with higher precision.
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- Tevatron Luminosity

m Run Il Integrated Luminosity | 19 ApriL 2002 - 23 May 2006 I
20 Tevatron:
1.9 N .
18 Proton anti-Proton collider.
v Vs = 1.96 TeV
1.6 Fl a1
1.4 7 _]: .
13 / Peak instantaneous
g 1.2 1.18 . . .
> 11 Luminosity:
£ 1o 172 x 1039 cm-2s”!
3 0.9 / /
o VAV |
iy B // / Average data taking
e § o efficiency ~ 85% over
. < =
03 == Deli Run lla.
0.2 Pt —Rec
0.1 ///::
0.0 ———

Apr02 Jul02 Oct02 Jan03 Apr03 Jul03 Oct03 Jan04 Apr04 Jul04 Oct04 Jan05 Apr05 Jul05 Oct05 Jan 06 Jul08 Oct06

Excellent performance from Tevatron.
|fb-! integrated luminosity used in Mixirfg analysis.

Special thanks to D@ Online and Offline personnel:

Turnaround <3 months from data collection to PRL submission.LANCASTERA
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The DO Detector

See L.Wealty-Rieger’s Talk for detailed description. Fri. 09:20

' Minsotlaos L - — ne1s
B Wit @ heries E rﬁi%gﬁ-
: ” i =’" ' _____2-—- ) ; §—FiberTracker --------- 2
: =3, i i Silicon Track n——-— ] ___________ |- =X
B Shieldin —, od - —
: I l
L Calor\i{neter
: “ ‘ Toroid — 1F |
I N S S S S B
® 3 Layer muon system with large [n| coverage.
® Liquid Argon/Uranium calorimeter and preshower.
® Silicon and fibre tracking volumes enclosed within 2T
magnetic field.
® layer O installed for Run IlIb - improvement in vertex
resolution. LANGASTER
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The DO Detector

Single inclusive muon and di-muon triggers used in
analysis.
In|<2.0, Pr>2,3,4 GeV.

Central Fibre Tracker 6 barrels, 4 layers - single/double sided

provides momentum
resolution.

Lepton ID.
muon chambers,
calorimeter and
preshower.

Vertex resolution
from silicon tracker.

7
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Analysis Measurement

1 B4 mixing Amg = 0.5 ps
1 Bg mixing Amg¢= 20 ps’’

A,

ymmetry
o
®)
o)

® Am; oscillations
~40 times faster
than Amaq.

@)

o
o
@

Mixed As

—0.1’ ---------------
pr ope decay time, t [ps]

® Need to reduce baCKgrounG WNIIST
maintaining high statistics Bs sample.

Optimise significance:

B S SED2.6 _(AmSUT)2
“Vs¥B V2 7P 2

® Detector resolution effects reduce
oscillation amplitude.
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-~ Analysis Outline

|
X |

Opposite Side | Reconstructed Side

® Select events from the decay B; = Ds Y, Ds— ¢,

® I|dentify decay flavour (from charge of reconstructed muon),
® Tag initial flavour (from opposite side B-hadron),

® Determine transverse decay length L,

® Measure Visible Proper Decay Length (VPDL),

® Combine parameters in an unbinned likelihood fit.

LANCASTER ) \
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Signal Selection

Select events with X
a muon.

Find two oppositely charged -
tracks in same jet, with a ple)
common vertex and

mass compatible with a ¢.

Combine with third track, opposite charge to muon and
combined vertex with kaons. Impact parameter cuts
applied.

Construct Y Ds vertex, with invariant mass constraints.

LANCASTER)\
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Likelihood Function

D@ Run II

® |Improve Significance with

set of discriminating s00 | ] seoarons
. ac groun
variables. : #

Helicity (angle between Ds and K),
Pt (KK), m(KK), '
m(“DS), 400
Isolation, '
X? of Ds vertex fit.

200

® Signal and Background
PDFs taken from data.

_ PDF*(x;) , L n ﬂH .......... |

-2 0 1 2

~ PDFb(x;) 109!

N
® Apply cut on combined _ )
likelihood ratio. ’ H g
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Untagged Sample

Ds: 26,710 + 560

— B N
- DO Runli 1fb-’

Selected events from % 6000
untagged sample. O S )

. N

Q -

© 4000 —

? 3
Gaussians for signal, = -
Exponential background. :>j 2000 ;_

D*:7,422 + 281 gF . .. .




Proper Decay Length

® Due to non-reconstructed particles in event
can measure the Visible Proper Decay Length.

® Introduce K-factor,
determined from MC
to correct for bias.

B

2
° ProperT Decay Length:

e
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K-Factors

MeaSL.lred Mass(Dsu) [éeVlczl

w IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

B;— Du*v

ST Bg—> D;-M-'- v
— Bg— D_u* v
- Bg— Dt v

0.5 0.6 0.7
Dsp
pr°
K = B
S
Pr

1 1.1

pT( ple)/pT(B)

1.2 1.3

To reduce error separate K-Factor
distributions in to different 4 Ds
mass bins.

. . . 2 900
e K-Factor distributions for 8
Q
different decay modes.
700
600
500
400
5 — 300
B.—-D,u'v 200
T3
F 100
120
11= 8
T 1= -
g C 2 .":. *
2 0.9;— : e
g 08= "
'§ 0.72_
< 06
057
0.4
:I\I\ll\lll\.lll II\I‘III\‘I\I\
0'32 2.5 3 3.5 4 4.5 5 55 6
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wlnitial State Flavour Tagging

® Reconstructed muon provides flavour at
time of decay.

® Harder to identify flavour at production.

e Asbb pairs produced at production, use
opposite side of the event to determine

initial flavour.

.. . . Opposite Side
® Optimise with different

tagging methods.




a Flavour Tagging Variables

® |f muon (or electron) is found:

Use muon (e) Jet Charge:

UNIVERSITY




Flavour Tagging Variables

® Secondary Vertex:

\
SV Charge:
> (¢ pL
Qsy = = 0.6
> (%
BO<—>BO ~ - -
. D, -
. .
K+
PN
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" Flavour Tagging Variables

® Event Charge:

Sum weighted \\charge of tracks in
opposite side:

Qpv = 24P

Zi P

UNIVERS




Combined Flavour Tagging

® Use Likelihood ratio method:

N —
-y 1 PDFP(z;)
d - —_—— p— . L —

d>0 Tagged as b,
d<0 Tagged as b.

2000

1500

1000

o | +f,i.‘§§ | ,?L,;j Purity increases with
RS D | larger [d)
® j 25 I:J 05 == 1

Combined tagging variable

LANCASTER)\
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Selected events from
tagged sample.

Tagging efficiency ~20%

D* 1,519 + 96

Tagged Sample

Ds: 5,601 £ 102
N,

- DO Runll A 1fb"

20




Amplltude Method

pron—osc/ose _ e Th o .0.5(1 £ A-Dcos(Am;Ka™ /c))
CTB,

® Probability of oscillation.

® Multiplicative factor A:
A=| for mixing,
A=0 otherwise.

® |deal width I (1/T), smeared out by detector
resolution and K-factor effects.

® Scan over a range of Am;s and fit for A at each point.

21




Likelihood Fit Inputs

23 mfi fi= P (@M o dyy) - PO Pl PO
® Signal
Kmax M oo
PS(I])OSC(xM’O.wM,de) :/ D(K)dK - Ef];\(/:%' )/ de($—$M,gx ) - (n)osC(x K, dpr)
Kmin 0

® Likelihood function takes VPDL and error,
mass of Ds and predicted dilution.

® [ncludes contributions from all signal processes.
® Background:

® Prompt (cc) contribution,

® Background from secondary vertices,

® Long-lived, exponential X resolution.

22
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Cross-Check: B4

DO Funll A 1o~ B, Amplitude D@ Run Il 1fb-!
1200 b=
E 3 + datat1c
o ~ 4
800 Ef [Jdata + 1.645 G (stat.)

2 ydata+ 1.645 ¢

400

of
0 A
20 ;
) - #95% CL limit: O.Ops'_1
® Amplitude scan for Bqg f-e-sensitivity: 7.5ps”
. . UHH1HH2HH3HH4HHSHHGHH7HH8HH9HH;|0
oscillations. Amg (pS")

® Amq=0.506 + 0.020 (stat) ps~'. B4 sample used as

® €=(19.9+02 (stat) ) % calibration for
OST in Bs analysis.

o cD2= (2.48 + 0.21(stat) ) %
\ LANCASTER A




Amplitude Scan

§ 4: +data +10 DO Run ll 2.50- from O
%_ | [__Jdata = 1.645 o (stat.) l I _____
= - [_Jdata+1.6450 (stat. ® syst.) I ]I | .
< 20 Jhali:
I 9'_;1_-}{-.! ®
O}*ﬂb‘o"e‘ii‘ii';%'i'{"iﬁﬂ}{{ﬁ}-IﬁHll1-1 ----------- T
i |
2
I . 1fb”
-4 [ ¢95% CL limit: 14.8ps
- --o---Expected limit: 14.1ps'1
AR BT  HSS S S B S S RS
0 5 10 15 20 25

-1
Amg |psS
A= for oscillation, s [ps']

Clear deviation from A=0 observable around Am;= 19 ps-'.

®Am; > 14.8 ps'! at 95% CL.

24
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—~Alog(L)

Log Likelihood Scan

- First time bounded
6 :_***** """"""""""""""""""""""""""""""""""""""""""""""""" _ """""""""""""""" M
b s DO Runl, 115 | ON two sides.
S 7 o = AAT (1 - 4)27
- S Resolution
K-factor
Branching ratio
) R — :ﬁ****“"n ............. I — e — VPDL mOdeI
10 14 18 22 26 30
Ams [ps']

17 < Ams < 21 ps-', 90% CL.
Maximum Likelihood for Ams = 19 ps-'.

UNIVERSITY

Paper accepted by PRL! ... A
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® Just how likely is this?
® Build Toy MC model incorporating resolution, K-Factors etc.
® Am<I|6 ps’' has been previously experimentally excluded.

e No sensitivity above 22 ps’'.

® Probability to observe Alog(L)>1.7 (as found from this
measurement) in range |6<Am<22 ps-':

® Simulate Ams = «© by randomising flavour tagging sign.
Probability is 5% (with systematics) (from data).

e With Ams = 19 ps’!, probability ~15% (from MC).

sg0 , DO Runli
200} ﬁt
100" Y
() B el L] .‘.“u. Ly
50 -25 0 25 5
DIff. In log(L) between Am, = 25 ps™! and min. 26
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Summary

First direct two-sided bound for Ams, with a
90% CL. for the range 17 < Ams < 2lps-'.

2.5 0 deviation from amplitude of 0 at 19 ps-'.
Has been accepted by PRL.

Analyses in progress:

® More semileptonic decay modes (K*K, Dse),
® Hadronic modes,

® Same-Side Tagging methods.

Upgraded Detector for Run llb.

Tevatron to provide more exciting results.

27




DY KM Fitter Results

® Before DO result.

1.5 — | T

i [ excluded area has CL >0.95 ‘

0.5

-0.5

| EPS2005

_1 .5 1 1 1 1 I 1 1 1 1 i 1 1 1 1 I 1 1 1 1 I 1 1 1 1
-1 -0.5 0 0.5 1




DJ KM Fitter Results

o With DO result.

_1 .5 1 1 1
-1 -0.5

L | !ltter

EPS05+D0

1 I 1 1 1

I T T L I T T T T
B | excluded area has CL>0.95 |
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v L} L L] l v A v

" excludad araa has CL > 0 95

_Sin2p

i

T he Umtartty Triangle

Ll v I L . L] Al

s A

4/14/2006

0.5

p

5. Burdin /Bs Oscillations @ ADM/
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http://gordonwatts.wordpress.com
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Tagging Performance

Muon |.4810.17
Electron 0.21+0.07
SV charge 0.510.11

Combined 2.19+£0.22

LANCASTER )
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B, Amplitude

Sideband: 1.72 - 1.82 GeV

Sideband Region

L]
R +data+1cs DG Run I
£ 4 jdata + 1.645 o (stat.)
2| T i
_ - '|II I vl
| - e F
o=+ -a--a;mﬂﬂﬁmﬁﬁ H” HiH“ Il
2
4 ¢ 95% CL limit: 13. 7ps” {stat only)
--e- Expected Limit: 144p5 {stat nnly)
0 - T 5 'zlu""gs
Am, (ps )
33
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Eff. Dependence on VPDL

Efficiency vs. VPDL (cm) for B->D_uX

Efficiency
N
[ | [

I

o
9
I

o
2l

o
b

+ } DJ Run I

D | | | | | | | | | | | | | | | | | | | | | | |
0.05 0 0.05 0.1 0.15 0.2
VPDL {cm)

Taken from MC, cross-checked and tuned using data.
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D& Dilution

Isolated tagging muons (electrons)

D@ Runll
D3 Run Il
D - [ /ndf 1837 | 2 . — .
|| Ao -0.8918E-03 ‘predlcted dilution, . D, signal |
At 0.4570 J 5 0z
06 |- A2 2349 t - —
A3 -2.498 ‘ L 8ol
(1] =
300 _
250—
0.4 5
200
150—
100}
0.2 |- -
50—
D: II‘II\Il\II\lI\IIlIIIIl\II I\II‘\I I|||||||
0 01 02 03 D4 D05 06 D07 08 09 1
| d
pPr
0"““““““““‘
0 0.2 0.4 0.6 0.8 1
d,

Dilution enters into Likelihood fit in an event by event

basis. o A




10°

102

10

1
(=]

DO RunII Preliminary

Lifetime Fit

i,o_IIIIII| I IIIIIII|

I

0.4 0.5

36

VPDL, cm

Lifetime measurement does not directly influence lifetime oscillation
measurement.

Trigger Biases have been studied. Different efficiency models used.

cT =404 - 416 ym. Stat.error ~10 ym. (HFAG: cT ~ 438%12 pm.)

LANCASTER}&
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Resolution Tuning

C ty
- . DO Run i

E +
4000 — * J/P vertex

B +
3000 :—

B \ H
2000 — \ \
1000 [ * \ / .

: +W++m ° L:EO-L

0 C 1 | 1 | | | W—TN_;_#
= 2 4 8| PDLI,,

® Double Gaussian fit to J/\p proper decay length.

® Resolution scale factor is 1.0 for 72% of events, 1.8 for
other 28%

LANCASTER ) \
37




Vertex Resolution

VPDL ervor, D, signal

400

300

2001

1005}

_II\|H\I‘IIII|I\I\ | "—H_L_J_l-

0 0005 0.01 D015 D.02 D.025 0.03 0.035 0.04 0.045[ D.]Dﬁ
o, [em
X

Determined from vertex fitting procedure
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Sys

tematic Uncertainties

Osc. frequency Tps—t 3ps™! Sps=t 7Tps™ 9ps™ ! 11 ps— ! 13 ps™ ! 15 ps™ ! 17 ps 119 ps™! PIL ps™! 23 ps™! 25 ps— !
A 0.128 —0.025 —0.134 0.0v3 0.079 —0.100 —0.159 —0.093 0.858 2.749 1.218 —0.253 0.018

Stat. uncertainty 0.090 0.124 0.167 0.231 0.299 0.410 0.504 0.659 0.864 1.068 1.413 1.690 1.920
Br(D.D.) =4.7% AA|—0.003 +0.000 +0.003 —0.002 —0.002 -+0.003 -+0.010 +0.001 —0.022]| —0.059 |—0.021 -+0.012 —+0.009
Ao |—0.002 —0.003 —0.004 —0.005 —0.006 —0.009 —0.010 —0.014 —0.018| —0.023 |—0.029 —0.035 —0.040

Br(D.pX) =6.7% AA|+0.006 —0.003 —0.005 —0.004 —0.001 —0.003 —0.011 —0.004 —+0.012] +0.046 }+0.023 —0.001 —+0.011
Ao |+0.002 +0.002 +0.003 +0.004 +0.005 —+0.007 —+0.009 —+0.011 +0.015) +0.019 |+0.024 —+0.030 —+0.035

pr, > 6 GeV/c AA|—0.015 +0.009 +0.013 +0.010 —0.001 -+0.010 -+0.029 +0.013 —0.045]| —0.124 |—0.044 —0.023 —0.019
Ao |—0.004 —0.006 —0.008 —0.011 —0.014 —0.019 —0.024 —0.031 —0.042] —0.054 |—0.066 —0.081 —0.093

K-factor variation AA|—0.000 +0.006 —0.024 +0.001 +0.010 —0.041 -+0.045 -+0.104 —+0.231] +0.207 |—0.380 —+0.006 —0.001
2% Ag |+0.000 +0.001 +0.002 +0.004 +0.007 +0.012 +0.011 -+0.027 +0.025| +0.059 |+0.040 -+0.049 -+0.050
K-factor distribution AA|+0.000 —0.000 —0.001 +0.001 —0.002 -+0.013 -+0.006 -+0.036 -+0.028] —0.003 }+0.171 —+0.033 +0.032
smoothed Ao |+0.000 +0.000 +0.000 +0.000 +0.001 —+0.001 —+0.002 —+0.003 -+0.003] +0.005 |+0.004 -+0.008 —+0.009
K-factor from AA|—0.000 —0.001 +0.003 +0.001 —0.009 -+0.026 -+0.003 +0.055 -+0.048] —0.021 }+0.248 —+0.003 —0.050
measured momenta Ag |+0.000 +0.000 +0.000 +0.001 +0.001 +0.002 +0.003 -+0.005 —+0.004| +0.006 |+0.006 -+0.005 -+0.011
Fraction of peaking bkg.| AA |+0.002 +0.001 —0.000 —0.001 —0.000 —+0.000 —0.000 -+0.001 —+0.004f| +0.012 |+-0.007 —+0.002 —+0.008
(combinatorial bkg.) Ao |+0.000 —0.000 —0.000 +0.000 +0.000 —+0.000 +0.001 —+0.001 -+0.001} +0.001 |+0.003 -+0.004 —+0.004
Fraction of peaking bkg.| A4 |+0.001 —0.000 —0.002 —0.000 —0.002 —0.007 —0.016 —0.013 -+0.004] +0.055 }+0.014 —0.035 —0.021
(signal) Ao |+0.001 +0.001 +0.001 +0.002 +0.002 -+0.004 -+0.005 —+0.007 +0.012} +0.014 |+0.026 -+0.034 —+0.039
cT_B_s AA|+0.001 +0.001 +0.002 —0.000 —0.001 -+0.003 -+0.003 —0.001 —0.010] —0.029 }+-0.003 —+0.013 —+0.000

Ao |—0.000 —0.000 —0.001 —0.001 —0.002 —0.002 —0.003 —0.004 —0.006| —0.007 |—0.011 —0.014 —0.015

uncertainty in AA|—0.002 +0.001 —0.001 +0.001 +0.002 —+0.002 —0.001 —0.003 —+0.000] +0.008 }+0.008 —+0.002 —0.001
reflection Ao |+0.000 +0.000 +0.000 +0.001 +0.001 —+0.001 +0.001 -+0.001 -+0.002] +0.002 |--0.003 -+0.004 -+0.004
Stat. fluctuation of AA|—0.001 +0.000 +0.000 +-0.001 —0.000 —0.001 —0.000 -+0.003 -+0.008] +0.016 }+0.011 -+0.004 -+0.009
N_D_s Ao |+0.000 +0.001 +0.001 +0.001 +0.001 —+0.002 4+0.002 -+0.003 —+0.004| +0.004 |+0.008 —+0.009 -+0.009
resolution AA|[+0.001 +0.002 +0.004 +—0.010 +0.007 —0.000 —0.019 —0.012 —+0.019] +0.075 }+0.040 —+0.025 —+0.076
(signal) Ao |+0.000 +0.001 +0.002 +0.004 +0.007 +0.012 +0.016 —+0.023 +0.035] +0.046 |-+0.068 +0.087 —+0.102
resolution AA|+0.001 —0.001 —0.001 —0.001 —0.001 —0.001 —0.001 —0.002 —0.003] —0.006 |—0.009 —0.009 —0.011
(bkg.) Ao |—0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000}] —0.000 |—0.000 —0.001 —0.001
dilution AA|—0.005 —0.002 +0.008 +0.021 —0.010 —0.006 -+0.001 +0.002 —0.015] —0.042 }+0.037 —+0.112 —+0.129

Ao |—0.001 —0.001 —0.001 —0.002 —0.003 —0.005 —0.004 —0.005 —0.004| —0.002 |—0.017 —0.018 —0.018

Frisens AA|—0.010 +0.006 +0.003 +0.003 +0.003 —+0.000 —0.002 —0.004 —0.005] —0.004 |—0.000 -+0.001 —0.005

Ao |—0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000] —0.000 |--0.000 -+0.000 —0.000

Fr_osc AA |—0.005 —0.000 +-0.000 —0.001 —0.001 —0.001 —0.001 —0.002 —0.002]| —0.003 |—0.004 —0.006 —0.006

Ao |+0.000 +0.000 +0.000 +0.000 0.000 —+0.000 —0.000 —0.000 —+0.000| +0.000 0.000 —0.000 0.000

Fit to AA|[+0.008 +0.010 +0.014 +0.030 +0.041 —+0.044 -+0.004 +0.026 —+0.129] +0.379 }+-0.291 —+0.149 —+0.363
VPDL distribution Ao |+0.002 +0.001 +0.001 +0.003 +0.006 —+0.013 +0.021 +0.034 -+0.045] +0.043 |-+0.100 +0.147 —+0.179
Non-zero Al AA|+0.000 +0.000 +0.001 +0.000 +0.000 —+0.001 -+0.001 -+0.000 —0.001] —0.005 |—0.003 +0.001 —0.001
Ao |—0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.001 —0.001}] —0.001 |—0.002 —0.002 —0.002

Total syst. ;Y7 0.071  0.057 0.056 0.068 0.090 0.106 0.117 0.194 0.286 0.337 0.565 0.309 0.497
Total Tiot 0.115 0.137 0.176 0.241 0.313 0.423 0.517 0.687 0.910 1.119 1.522 1.718 1.983
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